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Abstract

Background
Hypovolemia caused by dehydration could eventually lead to acute renal injury. An early marker for
detection of renal injury is still needed in equine medicine. Besides biomarkers which re�ect glomerular
�ltration rate, markers indicating damages in renal tubules might be bene�cial. The aim of the study is 1)
to estimate both serum and urinary Neutrophil gelatinase-associated lipocalin (sNGAL and uNGAL)
concentrations in horses with different severity of dehydration, 2) to analyze the correlations between
sNGAL, uNGAL and the traditional renal markers, and 3) to determine if in�ammation has an impact on
sNGAL, uNGAL concentrations.

Methods
Serum NGAL, urinary NGAL, creatinine and urea concentrations were measured in 38 horses with
dehydration and 4 healthy control horses four times totally until 48 hours after admission. Horses were
divided into different groups according to the severity of dehydration and with or without systemic
in�ammatory response syndrome. The Kruskal–Wallis test was used to analyze the differences of sNGAL
and uNGAL concentrations among the three dehydration groups and the control group. Linear mixed
regression models with repeated measurement were applied to assess the association between NGAL at
four time points and four groups independently.

Results
Signi�cant differences of sNGAL (P = 0.02) and uNGAL (P = 0.01) at T0 were found between the control
and all three dehydration groups. sNGAL and uNGAL both had correlations with serum creatinine and
urea concentrations. A signi�cant difference of sNGAL at T0 has been found between dehydrated horses
with and without SIRS (P < 0.001), while there was no signi�cant difference of uNGAL between these
groups (P = 0.08).

Conclusions
Moderate correlations were observed between sNGAL, uNGAL and serum creatinine and urea
concentrations. Signi�cant differences of sNGAL and uNGAL between dehydration groups and healthy
controls were observed. Neither were associated with the short-term prognosis. In�ammation might affect
the interpretation of sNGAL in horses.

Background
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Acute kidney injury (AKI) is de�ned as a rapid decrease in renal function and direct injury to the kidneys,
regardless of the underlying diseases [1]. Acute kidney injury is one of the critical factors associated with
survival rate, mortality and length of hospitalization of the patients in both humans and dogs [2, 3].

The prevalence of AKI in horses was observed to be around 14.8% in hospitalized horses [4]. Another
study indicated that horses with persistent renal insu�ciency after 72 h were three times more likely to
die or be euthanized than horses with resolved azotemia [5]. An early detection of renal injury would
bene�t the equine patient, but is still di�cult with current diagnostics. Assessment of the glomerular
�ltration rate (GFR) is known to be the best way to detect early renal dysfunction, however, the
challenging technique and equipment required make it impractical for routine use [6]. Although the serum
creatinine concentration re�ects the GFR quite well, its increase is delayed until a 75% loss of renal
function and is in�uenced by many extrarenal factors, such as body mass, age and breeds [7, 8]. Blood
urea nitrogen (BUN) has no direct linear correlation with GFR and is also affected by factors such as diet
and liver function [9]. The last publication from the same research group studied the usage of symmetric
dimethylarginine (SDMA) in horse, which is also a novel renal biomarker [10]. In our study, the serum
SDMA concentration correlated with creatinine and differences in SDMA at admission was detected
among dehydration levels, but the distribution of SDMA in the 3 groups overlapped easily with each other.
Further research is still needed to identify the role of SDMA in equine renal disease.

Neutrophil gelatinase-associated lipocalin (NGAL) is a protein originally detected in activated neutrophils.
It has been shown that NGAL is also produced in the renal tubular epithelia in response to injury. Different
forms of NGAL can be measured in serum, plasma and urine and its levels correlate with the severity of
the renal impairment [11, 12]. Serum and plasma NGAL increased 24–72 h earlier than creatinine in
humans and indicated the acute renal damage in one study [13–16]. Urinary NGAL also showed
promising results and was elevated as early as 2 h after ischemic renal damage [17–19].

Based on the origin of NGAL, several studies which discussed its ability to differentiate in�ammatory and
non-in�ammatory disease in equine patients were published [20–22]. However, NGAL’s diagnostic value
of renal diseases in equine medicine has not yet been widely researched. A new study has found
signi�cant differences in the concentration of NGAL in serum and urine between healthy and AKI-affected
horses [23].

The aim of our study is to evaluate the serum and urinary NGAL concentration in clinically dehydrated
horses which had different levels of dehydration and were prone to develop AKI. It was hypothesized that:
1) both serum and urinary NGAL concentrations would correlate with the severity of dehydration; 2) NGAL
would associate with the short-term mortality of the patients; and 3) NGAL would show earlier detection
of AKI than traditional biomarker creatinine and BUN.

Results
Study population



Page 4/22

A total of 57 dehydrated horses that met the criteria were enrolled in the study group and 4 healthy horses
were included in the control group. Sixteen horses were excluded due to a lack of obvious laboratory
changes which made grading of the accurate dehydration status impossible. Three horses were excluded
because of missing blood samples at the most important T0. The �nal study group contained 38 horses.

Eleven horses were assigned to the mildly dehydrated group, 16 to the moderately dehydrated group and
11 that were in hypovolemic shock at admission were in the severely dehydrated group. Only one horse in
the moderately dehydrated group developed AKI during hospitalization.

Fourteen horses �tted the criteria of SIRS above score 2: 3 of them were divided into the mildly
dehydrated group, while 4 were in the moderately dehydrated group and 7 in the severely dehydrated
group.

Of the dehydrated horses, 29 were presented due to gastrointestinal diseases, 2 because of intoxication, 1
with neoplasia and 6 had miscellaneous diseases (lameness, respiratory problems and hemoabdomen).
Horses were treated according to their primary disease. A total of 39.5% horses (15/38) received
Gentamicin (6.6 mg/kg BW, once daily, IV) during the study period, while 78.9% (30/38) had non-steroidal
anti-in�ammatory drugs (NSAIDs) at least once. The time points of the medication depended on the
course of the disease and were, therefore, inconsistent. Regarding NSAIDs, either Flunixin meglumin 1.1
mg/kg once-twice daily or Phenylbutazone 2.2 mg/kg twice daily were used.

Seventeen horses survived to discharge, while 21 horses died or were euthanized during the
hospitalization period. Two horses were euthanized due to �nancial constraints and were excluded from
the �nal statistical analysis.

The sNGAL, uNGAL, creatinine and BUN in groups

Results of laboratory parameters measured at T0 in dehydrated and control horses are shown in Table 1.
Median concentrations of sNGAL, uNGAL and BUN were lowest in the control group and increased with
the severity of dehydration. This could not be shown for creatinine.

Signi�cant differences of these parameters at T0 were found between the control and all three dehydrated
groups (sNGAL: P = 0.02; Fig. 1/ uNGAL: P = 0.01; Fig. 2/ Creatinine: P<0.001/ BUN: P = 0.02). The
difference in sNGAL and uNGAL was largest between the healthy controls and severely dehydrated
horses (sNGAL: P = 0.002; uNGAL: P = 0.02).

There was no association between concentrations of sNGAL and uNGAL at T0 and the short-term
prognosis within 48h (P = 0.1 and P = 0.8).

There was a moderate correlation between sNGAL and uNGAL at T0 (R = 0.580, P<0.001). The sNGAL
also had weak correlations with creatinine and BUN at T0 (R = 0.271, P = 0.01; R = 0.281, P = 0.009,
respectively). Similarly, weak correlations between uNGAL and creatinine, and uNGAL and BUN were
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found at admission (R = 0.308, P = 0.02; R = 0.382, P = 0.004, repsectively). Correlations were only found
between sNGAL and uNGAL (R = 0.619, P = 0.001; R = 0.818, P<0.001; R = 0.511, P = 0.04, respectively),
but not among other parameters from T12 to T48.

A signi�cant difference of sNGAL at T0 has been found between dehydrated horses with and without
SIRS (P<0.001), while there was no signi�cant difference of uNGAL between the same groups (P =0.08).

According to the linear mixed regression model, neither sNGAL nor uNGAL showed any signi�cant
differences between time point and groups. The interaction between the groups and time points showed
no signi�cance. In conclusion, sNGAL and uNGAL differentiated between healthy and dehydration groups
only at T0. The estimated marginal means of sNGAL, uNGAL, serum creatinine and BUN concentrations in
groups within 48 h are shown in Fig. 3 to 6. Urine of the control horses was only sampled at T0 and no
continuous urine samples from TP12 to TP48 were successfully taken. Therefore, the results of uNGAL in
the control group could not be compared. The lowest mean concentrations of sNGAL throughout 48 h
were seen in the control group, while the concentrations in the three dehydrated groups overlapped with
each other easily.

sNGAL was associated signi�cantly with the usage of Gentamicin (P =0.01, 0.009, 0.005 and 0.03) from
T0 to T48, while uNGAL was associated with Gentamicin only at T0 (P = 0.01). Similar results have been
observed for groups with and without the application of NSIADs: Except for T48, sNGAL differed
signi�cantly between these two groups until T24 (P = 0.02, 0.007 and 0.008, respectively), while uNGAL
only showed a signi�cant difference at T0 (P = 0.01). On the other hand, serum creatinine and BUN
concentrations associated neither with Gentamicin nor with NSIAD usage during the whole study period.

Table 1 Concentrations of neutrophil gelatinase associated lipocalin, serum creatinine and urea
concentrations at time-point 0 in dehydration and healthy control groups



Page 6/22

Biomarkers/ 

Unit

Groups N Minimum Maximum Median IQR P
valuea

sNGAL 

(ng/mL)

Control

Mild dehydration

Moderate
dehydration

Severe dehydration

4

11

16

11

9.30

19.2

12.2

20.4

19.60

308.0

5104.0

1125.4

18.75

43.8

56.95

270.4

15.8-
19.6

26.5-
104.2

29.9-
123.8

119.0-
471.6

0.002

Survivor

Non-survivor

17

19

13.6

12.2

1125.4

5104.4

59.6

119.60

23.9-
127.2

45.8-
296.6

0.1

uNGAL 

(ng/mL)

Control

Mild dehydration

Moderate
dehydration

Severe dehydration

4

9

10

5

3.70

4.5

8

43.3

10.0

2037.3

161785.7

21135.7

4.5

54.4

183.85

229.0

3.8-6.4

15.4-
284.0

21.1-
1064.5

121.4-
409.1

0.01

Survivor

Non-survivor

13

9

4.5

8.0

21135.7

161785.7

121.4

284.0

18.3-
409.1

34.5-
536.3

0.8

Creatinine 

(μmol/L)

Control

Mild dehydration

Moderate
dehydration

Severe dehydration

4

11

16

11

93.28

60.6

91.6

96.8

110.0

131.4

438.2

399.5

95.92

83.5

149.2

135.3

95.3-
99.4

74.7-
104.5

116.5-
163.7

116.8-
172.6

<0.001

Survivor

Non-survivor

17

19

69.6

60.6

344.7

438.20

127.8

134.0

96.8-
154.8

111.7-
165.1

0.2

BUN Control 4 4.26 6.03 4.78 4.36-
5.38

0.02
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(mmol/L) Mild dehydration

Moderate
dehydration

Severe dehydration

11

16

11

3.28

3.63

4.96

8.90

13.87

10.78

4.90

6.32

7.21

4.18-
5.65

5.17-
8.07

5.85-
8.99

Survivor

Non-survivor

17

19

3.28

3.82

12.80

13.87

5.52

6.17

4.26-
8.27

4.98-
8.02

0.5

Abbreviations: BUN, blood urea nitrogen; IQR, interquartile range; N, number of subset; sNGAL, serum
neutrophil gelatinase associated lipocalin; uNGAL, urinary neutrophil gelatinase associated lipocalin.

aP values indicate the differences between groups.

Discussion
This study focused on sNGAL and uNGAL concentrations in dehydrated horses and compared these new
markers with the traditional renal markers throughout the �rst 48 h of hospitalization time.

NGAL is rapidly expressed under various pathological conditions by several cell types, such as immune
cells, hepatocytes and renal tubular cells [24]. There are two forms of NGAL identi�ed in humans and
animals: a dimeric form which is released by neutrophils and a monomeric form that is secreted by
proximal tubular epithelial cells [11, 25, 26]. Several studies showed that both sNGAL and uNGAL can
elevate rapidly within 2 h after renal damage and that both plasma and urinary NGAL correlated well with
the creatinine concentration [13, 15, 27, 28]. In the present study, signi�cant correlations between sNGAL,
uNGAL, creatinine and BUN concentrations at admission were identi�ed. sNGAL and uNGAL correlated
with each other throughout the 48 h study period. After T0, sNGAL and uNGAL did not show a correlation
with either creatinine or BUN, which may be due to the different underlying diseases and different
treatment regimes in our patients.

A precise cut-off value of NGAL for the usage of detecting AKI has not yet been de�ned, but sNGAL
concentrations were signi�cantly higher in horses with increased creatinine compared to control horses in
a previous study [29, 30]. Our study also showed similar results: dehydrated horses had higher mean and
median sNGAL than our healthy controls, and what is more, healthy horses in our study all had sNGAL
concentrations similar to the control group from the previous publication.

Unlike creatinine, which only increases when the renal damage has already advanced, NGAL tends to
show the “active damage” in the kidney and, therefore, is suitable as a real-time indicator of AKI [12, 31,
32]. Except for one horse diagnosed with AKI during its hospitalization, creatinine and BUN
concentrations decreased back to the reference range until T12 under rehydration therapy. By contrast,



Page 8/22

sNGAL and uNGAL remained elevated in most cases and never decreased to the concentrations
measured in the healthy control horses (Fig. 3–6). A total of 39.5% (15/38) of the dehydrated horses had
continuously increased sNGAL until T48 (all of them increased above 10 ng/mL), only three of these 15
horses had serum creatinine concentrations above the reference range at T0 and only one of these three
horses had sustained high creatinine until T48. A total of 37.5% (9/24) had increased uNGAL until T48, 2
of these 9 horses had increased serum creatinine at T0 but both decreased between T12 and T24. The
reason for that might be that our patients had sustained minor renal damage even after rehydration
therapy that could not be detected by traditional renal markers. Markers for tubular injury, such as NGAL,
could be more sensitive than GFR markers, such as creatinine, to detect prerenal AKI because the tubule is
more susceptible to hypoperfusion and hypoxic damage than the glomerulus [27, 33, 34]. No signi�cant
difference of either sNGAL or uNGAL were identi�ed for time-group interaction and among time points
throughout 48 h in this study. There were lots of extrarenal factors affecting NGAL concentrations both in
serum and urine because of the various primary disorders and therapy choices of each patient. These
in�uences probably reduced the differences between the three dehydration groups (mild, moderate and
severe).

Although two studies in human cardiac patients indicated that plasma NGAL could be a predictive marker
of mortality, neither sNGAL nor uNGAL were associated with the survival rate in other studies in dogs
[34–36]. Although the one horse diagnosed with AKI in our study was euthanized, neither uNGAL nor
sNGAL showed any signi�cant difference between survivors and non-survivors. Therefore, even when
NGAL might have shown early renal damage, it did not markedly affect the survival chance in our patient.

Since NGAL also originates from neutrophils, it has been discussed whether in�ammation in the body
could have an impact on this new marker. One study described that NGAL could also increase in various
infectious, malignant disorders and in�ammations, even without kidney injury [37]. Research in small
animals and humans indicated that there was a signi�cant in�uence of SIRS on sNGAL, especially, and,
therefore, limits its usage in patients with systemic in�ammation and possible AKI [11, 35, 38]. This is
further complicated by the lack of a uniform de�nition of the term SIRS in adult horses and the wide
variety of existing scoring systems. Most scoring systems in horses resemble those from human
medicine that were designed to ensure identi�cation of at-risk patient. This leads to a high sensitivity and
poor speci�city and one should be careful when applying it to such heterogenous study group as ours.
Urinary NGAL is thought to be more speci�c for diagnosing AKI than sNGAL, nevertheless, in cases with
nephritis or pyuria, uNGAL still needs to be interpreted cautiously [24, 36]. A signi�cant difference of
sNGAL has been found between dehydrated horses in this study with and without SIRS at admission,
while uNGAL showed no difference between these groups.

Gentamicin and NSIADs are known as potential nephrotoxic drugs and might cause transient renal
damage through the clinical usage [39, 40]. Although a study in dogs receiving Gentamicin indicated that
uNGAL was a sensitive predictor of AKI, our result showed a better distinguishing value of sNGAL than
uNGAL: sNGAL associated well with the treatment of Gentamicin in all 15 of our patients which received
it at all time points and uNGAL did not, thus, sNGAL might indicate the micro damage of Gentamicin
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better than uNGAL [17]. However, we only had urine samples at all time points available in 7/28 horses in
our study and, therefore, results after T0 should be interpreted cautiously. Interestingly, serum creatinine
and BUN concentrations did not show any association with the usage of Gentamicin and NSAIDs. It is
possible that sNGAL and uNGAL might be able to detect minor renal damage which is caused by
nephrotoxic medications earlier than traditional parameters.

The lack of urine samples at all time points and the heterogenous study group were the main limitations
of this study. Potentially nephrotoxic medications such as Gentamicin and NSAIDs could not be avoided
and were used in different regimes in individual patients. In addition, sNGAL and uNGAL were measured
in samples stored at -80 collected and retained for around one year. Validation of the ELISA Kit showed
no in�uence on the NGAL measurement when -80 storage could be provided; the NGAL protein should be
stable for at least 11 months under that condition [41]. However, we could not assure whether there were
any differences between fresh and frozen samples.

Conclusion
Moderate correlations were observed between sNGAL, uNGAL and traditional renal markers serum
creatinine and BUN. sNGAL and uNGAL were signi�cantly higher at admission in all dehydration groups
compared to the control group. Neither were associated with the short-term prognosis. They did not
decrease signi�cantly after T12 in contrast to creatinine and BUN, which might indicate the ability of
NGAL to detect minor ongoing renal injury before the patient’s full recovery. A SIRS score above 2 at
admission was associated with an increased sNGAL. Therefore, uNGAL might be more speci�c for
predicting AKI when there is accompanying systemic in�ammation. Furthermore, sNGAL and uNGAL
might both be capable of detecting the transient minor renal damage caused by potentially nephrotoxic
drugs.

A larger population of equine patients and healthy controls should be examined in the future to de�ne a
cut-off value of sNGAL and uNGAL for diagnosing AKI. More prospective studies will be needed to
ameliorate the usage of NGAL in horses and assess the in�uence of sepsis and different types of
underlying diseases on NGAL interpretation.

Methods
Study design and study population

This study was a prospective investigation performed on horses admitted to the Equine Clinic: Surgery
and Radiology at Freie Universität Berlin between August 2018 and December 2019 with at least 6%
dehydration without a primary or history of kidney disease. The study was reported in accordance with
ARRIVE guidelines, all patients received appropriate treatments according to their main complaint. Horses
that had at least two or more abnormal results of the following criteria on admission were included: heart
rate >60 beats/min, packed cell volume(PCV) >40%, total protein concentration (TP) >70 g/L, capillary
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re�ll time >2 s, lactate >0.9 mmol/L and clinical signs indicative of hypovolemic shock, including cold
extremities, pale mucous membranes or decreased jugular re�ll time. The assessment of the grade of
dehydration was based on the clinical examination, packed cell volume and TP at admission (Additional
�le 1) [33]. Foals younger than three months were excluded from the study in order to avoid spurious
hypercreatininemia and age related differences [42].

The horses were divided into three groups: those with 1) mild dehydration (6–8%), 2) moderate
dehydration (8–10%) and 3) severe dehydration (>10% or if horses were in hypovolemic shock).

Horses with mild dehydration were rehydrated either with infusion therapy (Ringer-lactate or Ringer’s
solution. B. Braun Melsungen AG, Melsungen, Germany) for at least 24 h, as indicated by PCV and TP, or
water by nasogastric tube; horses with moderate or severe dehydration were treated with infusion therapy
in all cases. Other treatments were chosen based on the horses’ main complaint.

Survivors were de�ned as horses which survived to discharge; non-survivors were those which died or
were euthanized during the hospitalization. Horses which were euthanized due to �nancial constraints
were excluded from the analysis for the prognostic value of NGAL in order to reduce the statistical error.

Acute kidney injury was de�ned as an increase of serum creatinine concentration≧26.5 μmol/L within 48
h, according to the veterinary AKI staging system [4].

In addition, horses were graded according to a systemic in�ammatory response syndrome (SIRS) score
by Roy et al., 2017 [43]. SIRS scores from 1 to 4 were made depending on how many abnormal criteria the
horses met. Considering that most of our patients were emergency cases, only horses with SIRS above
score 2 that �tted two or more of the following criteria in addition to increased lactate concentration
(>2.06 mmol/L) and abnormal mucous membranes (colour bright pink, injected, purple, muddy, toxic, red
or white) were later statistical analysed: heart rate >52 beats/min, respiratory rate >20 breaths/min, white
blood cell count <5 or >12.5 109/L, and a body temperature <37 or >38.5℃.

Serum NGAL (sNGAL), urea and creatinine concentrations, and urinary NGAL (uNGAL) were measured in
the dehydrated horses and clinically healthy horses throughout 48 h after admission.

Blood sample collection

A total of 10 ml blood was taken from the external jugular vein at time-point 0 (T0) when the horses
arrived at the clinic before infusion therapy began. The same samples were also taken at 12, 24 or 48 ± 2
h (T12, T24 and T48, respectively) after admission. The same four-times collection was performed in the
control group. Each sample was �lled into a serum tube with a clot activator (Sarstedt AG & Co,
Nümbrecht, Germany) and centrifuged at 3,800 g for 10 min. Two 1.2 ml samples were frozen at -80 for
each time point for the later measurement of sNGAL; one sample was kept at 4 and sent to an external
laboratory (SYNLAB. vet GmbH, Berlin, Germany) and analyzed within 24 h. The concentrations of serum
creatinine, BUN, glucose, TP, albumin and electrolytes were measured utilizing an automated AU680
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clinical chemistry analyser (Beckman Coulter GmbH, Krefeld, Germany). The sNGAL concentrations were
measured with a commercial ELISA kit (NGAL Kit no. 49, BioPorto Diagnostics, Denmark) for horses and
the measurement was performed according to the manufacturer’s instructions. A similar kit has been
validated in horses for research purposes [29, 44].

Urine sample collection

Urine samples were taken from mares at T0 with a urine catheter before or within the �rst 30 min of
infusion therapy; stallions and geldings’ urine was collected during surgery, if the horse underwent
surgery for its primary disease directly after admission or from the midstream of naturally voided urine in
the stable within 30 min of admission. The urine samples at T12, T24 and T48 were taken in the stable
during spontaneous urination after admission. The same collection protocol was also used in the control
group. Urine (10 ml) collected in a sterile urine collection tube (Labor- und Medizintechnik Specht GmbH,
Eresing, Germany), was centrifuged at 1,500 g for 10 min at 4℃. The supernatant was collected and
frozen at -80℃ for the later measurement of uNGAL by the same ELISA Kit (NGAL Kit no. 49, BioPorto
Diagnostics, Denmark) for horses.

Data analysis

Analysis was performed using IBM SPSS software (IBM Deutschland GmbH, Ehningen, Germany) for
Windows, version 25. Creatinine, BUN, sNGAL and uNGAL were analyzed by Shapiro–Wilk tests to check
the distribution of parameters. The Kendall Tau b coe�cient test was used to determine the correlations
between concentrations of sNGAL, creatinine, BUN and uNGAL, respectively, from T0 to T48. The Kruskal–
Wallis test was used to analyze the differences of sNGAL and uNGAL concentrations among the three
dehydration groups and the control group. The distribution of serum creatinine concentration and BUN
among the four groups at T0 were also analyzed by the Kruskal–Wallis test. The distribution of sNGAL
and uNGAL at T0 in survivors/ non-survivors groups, and the difference between horses with or without
SIRS were analyzed by the Mann–Whitney U test. Linear mixed regression models with repeated
measurement were applied to assess the association between NGAL at four time points and four groups
independently. Mauchly’s test for sphericity was applied and the Huynh-Feldt correction used to determine
differences between the time points and interactions between the time point and group. Model
diagnostics included visual inspection of residuals for normality. The level of signi�cance was set at 5%
for all analyses.

Abbreviations
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AKI Acute kidney injury

BUN Blood urea nitrogen

GFR Glomerular �ltration rate

NGAL Neutrophil gelatinase associated lipocalin

NSIADs Non-steroidal anti-in�ammatory drugs

PCV Packed cell volume

SDMA Symmetric dimethylarginine

SIRS Systemic in�ammatory response syndrome

TP Total protein concentration
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Figure 1

Distribution of serum neutrophil gelatinase associated lipocalin (sNGAL) concentrations at time-point 0
according to dehydration status. The sNGAL concentrations varied signi�cantly among three dehydration
groups (P = 0.02)
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Figure 2

Distribution of urinary neutrophil gelatinase associated lipocalin (uNGAL) concentrations at time-point 0
according to dehydration status. The uNGAL concentrations varied signi�cantly among three dehydration
groups (P = 0.01)



Page 19/22

Figure 3

Estimated marginal means of serum neutrophil gelatinase associated lipocalin (sNGAL) in three different
dehydration groups and healthy control horses within 48 h. The progression of sNGAL in 48 h in these
four groups had no signi�cant differences (P = 0.7).
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Figure 4

Estimated marginal means of urinary neutrophil gelatinase associated lipocalin (uNGAL) in three
different dehydration groups and healthy control horses within 48 h. The progression of uNGAL in 48 h in
these four groups had no signi�cant differences (P = 0.5).
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Figure 5

Estimated marginal means of serum creatinine in three different dehydration groups and healthy control
horses within 48 h. The progression of serum creatinine in 48 h in these four groups had no signi�cant
differences (P = 0.2).
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Figure 6

Estimated marginal means of blood urea nitrogen (BUN) in three different dehydration groups and
healthy control horses within 48 h. The progression of BUN in 48 h in these four groups had no signi�cant
differences (P = 0.4).
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